and John Kain (1962) exemplified this new approach, which was thoroughly worked out and picked over during the 1960s and 1970s. According to these theories, in a world of identical households, all would be indifferent among residential locations within the city, since spatial variations in housing prices would equalize utilities. Differentiation in the population would lead to predictable differences in location patterns, as land and housing prices adjusted to the spatial differentiation of demand. In this framework, the widely observed pattern of decline in housing prices and a steeper decline in land prices with distance to the urban center arises from a residential equilibrium in which higher income households live further from downtown and commute longer distances, but consume more housing in less dense accommodations. The poor outbid the rich for central locations with higher housing and land prices because they consume only small quantities of housing services.
The third concentrated period of advancement in our understanding of cities also arose from intensive analysis of the nation's primary city, New York. In the late 1950s, the Regional Plan Association and a group of economists at Harvard combined in a three-year study of the New York Metropolitan Region-an area which contained 10 percent of the U.S. population at the time and which stretched from Monmouth County, New Jersey, to Fairfield County, Connecticut. The Regional Plan Association sought to project economic and demographic conditions three decades into the future, and this practical objective provided academic researchers with a golden opportunity for intensive study of the fundamental factors affecting the development of industry and the location of economic activity. This effort ultimately resulted in publication of nine books and several technical reports, including an honest-to-God projection of economic conditions. 1 The hallmark of the New York study is the use of the concept of ''external economies of scale;'' that is, the notion that some firms can achieve cost savings when they operate in the context of a larger local economy. The summary volume of the New York study by Raymond Vernon (1962) includes a chapter devoted to the ''rise and spread of external economies'' and to the impact of these externalities on firm location and the well-being of central cities. 2 We are in the midst of the fourth of these bursts of advancement in understanding the economics of cities. This era was ushered in by a reconsideration in the 1980s of the nature of economic growth. It has drawn new attention to aggregate cross-section and time-series data on cities, using variation between cities as the vehicle for analyzing and evaluating the nature and causes of economic growth.
The parallelism between the first two sets of developments and the latter two is striking. Much of the work on residential location theory of the 1960s can be traced to the original New York study of the 1920s. Similarly, much of the current emphasis on externalities and the growth of urban areas can be traced to the influential New York study of the late 1950s. The first two sets of developments emphasized the intrametropolitan location patterns of households and firms. The latter two have emphasized the overall patterns of growth of cities and metropolitan regions.
For example, Made in New York, a compendium of descriptive case studies of manufacturing in New York, includes the following passage (Hall, 1959, pp. 12-13) :
Rubbing elbows with others of their kind and with ancillary firms that exist to serve them, [firms] satisfy their variable wants by drawing upon common pools of space, labor, materials, and services. In more concise language, they can take advantage of external economies.
The economies are external in the sense that the firm obtains them from outsiders, and they are economies in the sense that the firm can satisfy its variable or part-time needs in this manner more cheaply than it could satisfy them from within. The outsider, in turn, can afford to cater to the firm's fractional needs because he also caters to many other firms. The external economy may derive from an electrician or a sewing machine repairman or a free-lance photographer, responding to the call of a firm which does not need him full-time. . . . It may even grow out of a revolving supply of specialized labor, such as garment workers accustomed to seasonal cycles, printers, staff writers, editors, or electronic engineers. Such a supply enables a firm to pick up employees quickly and let them go with equal suddenness, and makes it unnecessary to maintain a stable force of workers for an unstable demand.
Thus, it is obvious that external economies reduce the cost of doing business just as labor and transport [savings] do. Indeed, there is no real line of demarcation.
This description seems surprisingly close to more recent formal models in which the production of individual firms is competitive with constant returns to scale, but there are socially increasing returns as aggregate production rises. In the world of these recent models, capital investment has external benefits not reaped by private investors. The private investors solve well-specified optimization problems, and the economy of the urban area is more productive due to the external effects of this investment. With the benefit of hindsight, of course, the theoretical model is obvious. It has been said that the essence of really good theorizing is results which convince us that, in retrospect, it is all clear and it has been clear all along.
The original applications of the modern endogeneous growth models emphasized the stock of accumulated knowledge. Paul Romer (1994) refers to this as the stock of ''results'' in a paper in this journal. Lucas (1988) was more precise in specifying the embodiment of results in human capital. Ideas can clearly benefit others as much or even more than they benefit the inventor of the idea. Knowledge or human capital, take your pick, may be the most important example of the application of the theory of endogeneous growth. Nevertheless, cities have other important attributes which affect the growth of the economy in analogous ways-most especially their internal heterogeneity and diversity.
Recall that in the 1920s, the standardization of barrel manufacturing was associated with its decentralization to outlying parts of the New York area. A central conclusion of the Hall (1959, p. 8) volume, published almost 40 years later, detailing trends in the apparel, publishing, and electronics industries, was the following:
The chief common denominator in these manufacturing operations that were attracted more strongly to other places than to the [New York] region appears to be standardization. The rest of the country gained relative to New York in products whose specifications could be planned in advance with reasonable assurance. Large numbers of identical copies-house dresses, magazines, radio sets-could be poured out of the plants without making any changes in the design. . . . But the fact remains that the manufacture of standardized products . . . has shown pervasive tendencies . . . to prefer locations far from New York.
Of course, those conclusions referred only to the New York City metropolitan region and only to a small number of industries studied intensely. But within these limits, the evidence showed that firms producing nonstandardized differentiated output were more strongly attracted to the urban core than those firms producing homogeneous products. Even more directly, Benjamin Chinitz (1961) speculated that an urban environment with many firms producing heterogeneous output is more conducive to economic growth than an environment dominated by a few large firms or a single industry. This argument was based upon the superior competitive conditions fostered in an environment with smaller firms, more entrepreneurial activity, and a more adaptable investment and banking infrastructure. Again, this speculation was based on a specific comparison of two cities, New York and Pittsburgh, during the postwar period. The general models came much later.
Implications of Agglomeration
How do diversity and large size affect the level of output and the level of wellbeing achievable in a city? Table 1 suggests that there are at least four ways, not even including the knowledge spillovers which have figured so prominently in the debate about the new growth theory. Many of the arguments here were first put forward in a recognizably modern form by Alfred Marshall in his Principles of Economics and Industry and Trade (David and Rosenbloom, 1990) . However, the concepts have been sharpened and differentiated over time.
The first-scale economies or indivisibilities within the firm-are the historical rationale for the existence of cities in the first place. Indeed, it has been long understood that, without the existence of scale economies in production, economic activities would be dispersed to save on transportation costs. Without scale economies, there is no role for the city at all.
3 Just as many urban industrial activities Mills and Hamilton (1984) display economies of scale over some range, exhibiting U-shaped average cost curves (Mills, 1967; Mirrlees, 1972) , so too do many public facilities like sports stadiums, swimming pools, and so on. For many of the collective consumption goods provided to urban residents (for example, walking in the park), the average cost of enjoyment declines with additional residents over a broad range. At some point, however, the average cost turns up again with more residents, at the point where congestion in the park becomes important. 4 To the extent that heterogeneity or variety encourages larger-sized urban areas that can take better advantage of scale economies or indivisibilities, these basic factors will increase the output of larger cities and the utility of their residents.
The second factor-shared inputs in production and consumption-encompasses the ''economies of localized industry'' described by Alfred Marshall, as well as its consumption analogue. The production aspects of these shared inputs are aptly described in the passage quoted above from Hall (1959) , as well as in the more modern treatment by Krugman (1993) explaining how the ready availability of workers (in a metropolitan area), and of particularly specialized workers in accounting, law, advertising and other technical fields, can reduce costs for businesses. Shared inputs in consumption include networks for disseminating information about cultural activities, as well as the facilities for such activities. The use of shared inputs to produce more differentiated consumption goods in large cities is apparent in all manner of fashion, culture, and style-where seemingly identical inputs of cloth (or acting talent) are rearranged to produce quite different products, and where equivalent inputs of crayfish and rice can be transformed into Cajun meals, Creole meals, or authentic Dublin Bay scampi.
A third possible reason why a metropolitan area may provide greater economic efficiency arises from reductions in transactions costs. On the production side, this factor includes the possibility of better matching between worker skills and job requirements. This reduces the search costs of workers with differentiated skills and employers with differentiated demands for labor, as pointed out in the theoretical works by Helsley and Strange (1990) and more recently by Acemoglu (1996) . Of these two papers, the Helsley and Strange model is more directly relevant to cities, and the authors take pains to compare the effects of labor market search costs upon equilibrium city sizes. The Acemoglu analysis focuses on investment in physical and human capital and the external pecuniary effects of these decisions. It builds upon the observation that there are complementaries in production between physical and human capital. Thus, when a group of workers increases its stock of human capital, firms that expect to employ them will choose to invest more in physical capital. With heterogeneity, costly search, and imperfect matching, however, some workers not in the group will end up working with more physical capital, earning higher returns on their human capital. Thus, the return on the human capital to a worker in a city rises as the stock of human capital in the city rises, and the return on physical capital investment to an investor also increases with the stock of capital in the city. Acemoglu demonstrates that this result can obtain even when all output in the city is produced with constant returns to scale and with no technological externalities.
The reduced transactions costs in larger cities also include lower search costs for consumers. Larger cities are better able to support agglomerations of similar shopping outlets in particular districts. Examples range from the familiar side-byside placement of used car lots in smaller cities to the specialized consumer services of the diamond exchange on New York's 47th Street; Artle (1959) offers extensive empirical evidence on the co-location of various types of retail establishments.
Finally, there are a set of potential economies and cost savings that arise, in the description of Mills and Hamilton (1984) , from the application of the law of large numbers to the fact of fluctuations in the economy. For example, to the extent that fluctuations in purchases of inputs are imperfectly correlated across firms, employment can be stabilized, since some firms are hiring while other firms are not. To the extent that fluctuations in sales of output are uncorrelated across buyers, firms need carry less inventory, since some consumers are buying while others are not. These represent real savings to business firms and to the larger economy.
Theoretical Models of Heterogeneity
The factors noted in Table 1 reflect implications of both the size and the heterogeneity of cities. As emphasized above, scale economies, by themselves, provide the historic rationale for cities. But economies from the shared inputs in production and consumption, from reduced transactions costs from matching, and from reductions in variability all increase with the diversity of economic activities. Interesting and powerful models of these implications of diversity have been around for less than a decade and are still under development. Many of these general equilibrium treatments are based upon the perspective of monopolistic competition and optimum product diversity introduced by Dixit and Stiglitz (1977) . This influential work considered explicitly the trade-off between the output of goods and their variety.
When considering consumption, the general form of these models assumes that household utility depends on consumption of traded goods, space or housing, and a variety of local goods. The markets for traded goods and housing are competitive, while the differentiated local goods are sold in a monopolistically competitive market. If there is less differentiation among local goods, then variety loses its impact on utility; greater differentiation means that variety has a greater effect on utility. Under reasonable assumptions, the utility of a household in the city will be positively related to the aggregate quantity of local goods it consumes and the number of types of these goods which are available in the economy.
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On the production side of the economy, the importance of a variety of locally produced inputs can be represented in a parallel fashion. For example, suppose that the aggregate production function includes labor, space, and a set of specialized inputs. Again, the markets for labor and space can be taken as competitive, while the differentiated local inputs are purchased in a monopolistically competitive market. If there is less differentiation among inputs, then variety loses its impact on output; greater differentiation means that variety has a greater effect on output. For example, a general counsel may operate alone. However, she may be more productive if assisted by a general practice law firm, and even better served by firms specializing in contracts, regulation, and mergers. Again, under reasonable conditions, output in the city will be related to quantities of labor, space, and specialized inputs utilized and also to the number of different producer inputs available in that city. 6 Theoretical models built along these lines can yield a remarkable conclusion: Diversity and variety in consumer goods or in producer inputs can yield external scale economies, even though all individual competitors and firms earn normal profits. The intuition behind this result works in this way. In these models, the size of the city and its labor force will determine the number of specialized local consumer goods and the number of specialized producer inputs, given the degree of substitutability among the specialized local goods in consumption and among specialized inputs in production. A larger city will have a greater variety of consumer products and producer inputs. Since the greater variety adds to utility and to output, in these models, larger cities are more productive, and the well-being of those living in cities increases with their size. This will hold true even though the competitive and monopolistically competitive firms in these models each earn a normal rate of profit. Now, these advantages of size do not literally go on forever, even in the models that incorporate one or the other of these types of heterogeneity-at least not in the most recent models (Henderson, 1974 (Henderson, , 1996 . Explicit recognition of the land market and the necessity of commuting suggests that, at some point, the increased costs of larger cities-higher rents arising from competition for space and higher commuting costs to more distant residences-will offset the production and consumption advantages of diversity. Other costs like air and noise pollution no doubt increase with size as well. Nevertheless, even when these costs are considered in a more general model, the optimal city size-if it exists-will be larger when the effects of diversity in production and consumption are properly reckoned. Urban output will be larger and productivity will be greater. The utility of residents will be higher. Larger cities contribute more than proportionately to national output.
Empirical Support
The theoretical models of the economic advantages of heterogenous products and inputs that have been developed over the past decade provide a compelling framework for synthesizing a broad range of empirical results.
During the 1970s, for example, a number of studies estimated production functions for specific industries, using metropolitan statistical area (MSA) aggregates as the units of observation. The general finding is a parallel shift outward in the production function for larger metropolitan areas. For example, Shefer (1973) analyzed a group of 20 industries across MSAs, concluding that doubling city size would increase productivity by 14 to 27 percent. Sveikauskas (1975) used more sophisticated methods but a smaller number of industries and found that a doubling of city size would increase output by 6 to 7 percent. Segal (1976) aggregated across industries but constructed careful measures of urban capital stocks and concluded that in ''large'' cities of about two million or more in population, productivity was about 8 percent higher than in smaller cities. In the 1980s, Nakamura (1985) conducted a similar analysis using data on Japanese prefectures. His work confirmed the importance of agglomeration and localization economies, and concluded that a doubling of the size of a prefecture was associated with roughly a 3 percent increase in productivity. Somewhat weaker results were found for Canadian municipalities (Soroka, 1984) . Similar empirical studies were undertaken using U.S. data by Beeson (1987) and others, with broadly consistent results.
The 1990s have seen an outpouring of sophisticated empirical analyses relating city size, the concentration of certain economic activities or else the diversity of a city's industrial mix to the level of economic output, or its growth in output. Several of these investigate explicitly the link between the urban human capital stock and productivity. Rauch (1993) provided the first empirical test of the labor market matching and human capital externality theories discussed earlier. If these externalities are significant, then otherwise identical workers will be more productive and will earn higher wages in those cities in which the spillovers are larger-or to put it differently-skilled workers in human-capital-rich cities will earn more than those in human-capital-poor cities. Rauch provides convincing tests of these propositions, using 1990 data on individual workers living in over 200 U.S. metropolitan areas. He finds robust confirmation of these hypotheses-specifically a metropolitan area with an average educational level one-year higher than another would have about a 3 percent productivity advantage. Rauch's results are consistent with an external effect of education on productivity in cities that is almost 70 percent as large as the direct private effect. From the theoretical arguments summarized earlier, Rauch's results should underestimate the productivity advantages of large, human-capital-rich cities.
On the consumption side, workers should also be willing to work for lower wages to live in these more diverse environments. However, I am aware of only one study presenting any evidence on this point. Getz and Huang (1978) offer weak evidence that the availability of a broad range of publicly and privately provided consumer goods is reflected in local wage rates.
Analysts cannot directly observe ''knowledge'' as it spills out among buildings and the streets in cities, but some of this spillout does leave a paper trail. The geography of one paper trail has been mapped recently by Jaffe, Trajtenberg, and Henderson (1993) . The authors compared the geographic location of patent grantees with the locations of the intellectual and/or commercial forebears of those innovations. These latter locations are determined by the geographic location of the owner of an existing patent cited in a subsequently successful application. Thanks to a careful experimental design and designation of controls, some of their results can be presented as straightforward cross-tabulations of patents and the patents they cite. The authors analyze cohorts of patents originating in 1975 and 1980, finding a clear localization in their pedigrees. The strength of the geographical associations is stronger in more recent data and the citations are more localized to the same state and the same metropolitan area than could be explained on the basis of pre-existing concentrations of activity. The patents cited as antecedents are five to ten times more likely to come from the same metropolitan statistical areas as are the patent citations of control groups. The evidence also suggests that the intrastate and intrametropolitan linkages are stronger for the patents held by private corporations than for those originating in universities.
Based upon more sophisticated statistical analyses, the authors estimated the decay in the localization of citations as the interval increases between the year of the approved patent and the approval of the patent it cites. The localization of patents erodes with this interval, but the erosion is far less for intrametropolitan geographical linkages than for other geographical linkages. These general findings were similar for patents in a variety of technical fields.
The geographical localization of patent citations within urban areas and the persistence of this localization over time are both quite striking. The local as well as the national role of universities in disseminating knowledge is also clearly documented in the results.
Much recent empirical work linking productivity and the urban economy has been focused on dynamic, or at least intertemporal, issues. This interest can be traced to the influential empirical analysis by Glaeser et al. (1992) . By gathering a comparable body of data on city-industries at two points in time, the authors are able to investigate the effects of initial conditions (in 1956) on subsequent performance (in 1987) . For a large sample of cities, the authors analyze the industries which were largest in 1956 and their subsequent performance. The analysis is rich and complex, but from my vantage point, the most striking finding is the importance of industrial diversity on subsequent economic performance. This is consistent with the informal arguments of Jane Jacobs (1969) about the stimulation of ''ideas'' in heterogeneous surroundings and also with the view that diversity fosters specialization in inputs and outputs, yielding higher returns.
Subsequent work has confirmed this basic insight and elaborated on it. Henderson et al. (1995) consider a broadly representative body of cities and industries from 1970 to 1987. Their careful empirical analysis suggests that the extent of diversity in manufacturing industries at the start of the period was not very important in affecting employment outcomes and the subsequent performance of mature industries, but it did matter in attracting ''new'' or high tech industries (such as scientific instruments and electronic components) and in permitting those new industries to flourish. 7 In the same spirit, a recent historical analysis found that industrial diversity in 1880 had a substantial effect on output in 1890, using Census of Manufacturers data for 79 American cities (Bostic et al., 1997) . Other recent research, related to states rather than to cities, reports analogous findings. For example, Garcia-Mila and McGuire (1993) find that the industrial mix of the state economy affects its level of economic growth over the period 1969-1985, even after controlling for the growth and variability of industries at the national level, the relative composition of fast and slow growth industries at the state level, and the relative mix of variable and stable industries by state. Ciccone and Hall (1996) also analyze productivity at the state level, relating gross state product to the concentration of economic activity as measured by the density of employment.
It is tempting to interpret these various empirical findings solely in terms of knowledge or education, so as to put them into the framework of modern growth theory. However, no matter how the results are described, it remains clear that the increased size of cities and their diversity are strongly associated with increased output, productivity, and growth. Large cities foster specialization in production and sustain a broader range of final products, increasing the returns of their firms and the well-being of their residents.
Conclusion
It is hardly surprising that economies of scale in production give rise to the higher density living and commuting arrangements that we call cities. It is only rather recently, however, that models of the variety available in cities have been developed to emphasize the independent role of diversity in enhancing economic efficiency. The logic underlying these models suggests that national growth is enhanced by the heterogeneous features of modern cities, and the empirical evidence suggests that these efficiency gains are not trivial.
However, traditional models of the optimal city size (Mills, 1967; Henderson, 1974) establish clearly that we would not be better off collectively living in Greatest New York. Land and housing prices increase with city size and commuting costs do as well. These factors place efficiency limits on city sizes. More recent models emphasize the importance of unpriced congestion, pollution, and other externalities in further limiting the size of the efficient city. Some of the evidence presented in the accompanying paper by Edward Glaeser in this symposium also suggests that crime and victimization increases with urban scale, and some of my own work (O'Regan and Quigley, 1996a,b) suggests that the poverty concentrations arising from urban life have external effects upon employment outcomes.
The economic costs, even the external costs, of urban scale are undoubtedly large. However, the modern perspective on urban diversity surveyed here does remind us that large cities have been and will continue to be an important source of economic growth and improved living standards.
